Year 2010 have witnessed a major European Sovereign Debt crisis. By examining the links between sovereign CDS and stock indexes during the period 2007-2010, for eight European countries, this paper aims to study the lead-lag relationships of the two markets using a Vector Autoregressive model and a Panel data model. We find a major leading role of the stock market during the sample period, but when year 2010 is isolated we find a change in this relationship and a key role of the CDS markets incorporating new information. This increasing role of the sovereign CDS is stronger for countries with high risk spread.
Introduction
Year 2010 will be known as the year of the European sovereign debt crisis. Since the beginning of the year the sovereign CDS spreads have widened in Western Europe, and by late 2010 we could find countries (like Spain) with CDS premiums higher that some countries in emerging Europe.
During year 2010, as the eurozone's economies became under pressure due to the increasing doubts that some European countries could pull off big reductions in their budget deficits, in the face of stagnating economies, without defaulting or being rescued, the spread of sovereign CDS reached maximum levels. At the same time we assisted to severe falls in the affected countries' stock markets.
Credit Default Swaps are credit protection contracts whereby one party agrees, in exchange for a periodic premium, to make a contingent payment in the case of a defined credit event. For buyers of credit protection, the CDS market offers the opportunity to reduce credit concentration and regulatory capital while maintaining customer relationships. For sellers of protection, it offers the opportunity to take credit exposure over a customized term and earn income without having to fund the position.
Sovereign Credit Default Swaps pay the buyer the face value in exchange for the underlying securities or the cash equivalent should a sovereign nation default on its debt payments. Quoted in basis points per year, a CDS price indicates the cost per year to either buy or sell exposure to the possibility of a sovereign defaulting or restructuring.
The main difference between a sovereign CDS and a corporate CDS is the definition of what constitutes a Credit Event. For a corporate, a credit event is either a bankruptcy, a failure to pay, and sometimes, a restructuring. For Western European sovereigns, bankruptcy is replaced with a moratorium/repudiation.
Following ISDA 2 we can say that it´s important to understand that sovereign CDS are useful for controlling risk for investors and lenders. Sovereign CDS provide effective hedges not only for holders of the government bonds but also for international banks that extend credit to that particular country corporations and banks, for investors in stocks and for entities that have significant real state or corporate holdings in the 2 International Swaps and Derivatives Association, News Release, March 15, 2010. country. For many of these participants, the sovereign CDS market is the most effective way of hedging credit risk in the country.
From these words, we can understand that there is a broad set of investors using sovereign CDS. After the 2010 sovereign´s financial storm, ISDA reports that "recent anecdotal evidence indicates that banks with significant credit exposure to entities in
Greece have been active purchasers of Greek Sovereign CDS protection".
As the same time that the debt crisis has had an impact in the stock exchanges is out of doubt. If countries like Greece, Ireland, Portugal or Spain should devote increasing parts of their revenues towards external debts, governments will have little amounts of money for investments and development. This is no good for companies and for the future of the countries. Besides citizens and companies will become (and are already becoming)
hard-pressed with taxes in order to pay foreign creditors. The amounts of money remaining for consumption and investments will drop leading to declining benefits. The credit risk problem becomes also a market risk problem. We thus enter in a vicious circle that becomes increasingly difficult to break.
In this article we study the lead-lag relationship between sovereign CDS and stock markets for eight European countries during the period 2007-2010. The countries are Greece, Italy, Spain, Portugal Ireland, UK, France and Germany. This is the first paper that looks at such relationship between the two markets representing credit risk and market risk for a country.
Using country specific and panel data we find clear interdependency of these two markets, the stock market generally leading the movement of the CDS markets. We also find that the two way interaction between the stock and CDS markets is stronger when the stock market is in a downturn or when the credit market is in turmoil, in this case the governments' credit market. During the year 2010 and using daily data, we find that CDS markets lead stock markets, reversing the general tendency. The sovereign CDS markets has had an impact on stocks, translating the government's debt crisis to the country' companies.
Besides we study the differences between riskier countries (high CDS premium) and other central European countries (France and Germany). We find that the lead of the CDS markets has been strong for companies with high CDS premium during the year 2010, being a different case for the other two where the stock market maintains its lead.
The rest of the article is structured as follows. We first review the recent research that relates CDS spreads and stocks and explicit our objectives. Next we take an exploratory look at the data and motivate the more formal model. In section 4 we introduce our country specific model and discuss some extensions of the basic model. Section 5 develops the panel data model. Finally we conclude in section 6. Graphs and tables can be found at the end of the paper.
Existing Literature and Hypothesis
The link between CDS spreads, bond spreads and equity markets has become recently a fruitful field of studies. The credit derivative market is growing rapidly 3 and following
Byström (2005) we can say that the relationships among these three markets are important not only for risk managers using these markets for hedging purposes but to anyone trying to profit from arbitrage possibilities 4 .
At a firm level, the close relationship between CDS and bond spreads has been vastly documented and the CDS market has been evidenced to have the lead on the bond 4 One such example is the paper by Figuerola-Ferretti and Paraskevopoulos (2010) 5 The theoretical link between the credit market and the stock market information was already built by Merton (1974) . The value of any credit derivative is linked to the probability of the underlying reference entity being exposed to a credit event at some point in the future, and for entities with traded equity the probability is often estimated using information from the stock market. In this paper we also focus on the study of the links between CDS spreads and market prices, and CDS spreads and return volatilities. However we are pioneers using European sovereign data. This is one of the first papers looking at the relationship between sovereign CDS and stock markets. At a firm level, finance theories suggest that the stock market, being efficient, should have already incorporated information pertaining to the default probability of firms, but what happens at a country level?
Strictly speaking we do not have equity for countries, although we could argue that the companies of that country are a proxy for this equity and the credit information about the country should translate to stocks markets. As we already mentioned deteriorating credit quality for a country means that the government will need to raise funds at higher rates. This will cause a domino effect: there will be less money to invest and spend, with high probability taxes will be raised, consumers and companies will face a drop in consumption and investments, and this situation will end up in a drop in the company's profits and a fall in their stock prices.
Analyzing daily prices of sovereign CDS premiums and stock indexes of eight different (2009) we find that the comovement between CDS market and stock market increases the lower the credit quality, in our case sovereign credit quality.
A recent work by Coudert and Gex (2010) looks at the links between sovereign CDS and bonds and their results are much related to ours. Using a sample of sovereigns (and some corporates) the leading role of the CDS markets versus the bond markets is once more confirmed. They find that the CDS market lead has been fuelled by the current crisis, although they find that for countries with low risk the bond market has the lead on the CDS market.
An Exploratory Look at the Data
In this study we use daily data of the closing price of the 5-year sovereign CDS data and of the Stock Indexes 6 . The benchmark maturity of sovereign CDS tends to be five years, though contracts of 10 years maturity are also available. We use the mid-points between This sample has been selected in order to contrast our hypotheses. We need a set of risky countries (i.e. countries with a high CDS premium), where we want to find how the relationship between the stocks and the CDS has behaved during and before the 2010 turmoil, and we need safer countries (i.e. countries with lower risk premium) to find out if there is any difference in this relationship. These two subsamples can be found at Table 1 .b. at the end of the paper. and finally January 2010-July 2010. Because the behavior of credit markets has been so different during these sub periods we want to look at the intertemporal stability of the co-movement of these markets. Table 1 .a, at the end, exhibits the main descriptive statistics for each country' CDS and stock Index. We can see how the mean and median CDS premium for every country has increased during year 2010. Also daily changes on CDS and stock returns show significant kurtosis and skewness.
We offer Figures 1 and 2 to show some graphical evidence on the movements during the sample periods of the CDS premiums and the Stock Indexes for Spain and Italy.
Spreads on the CDS widen when deterioration in credit risk is detected or perceived by the market and tighten when there is less credit risk perceived. We can clearly appreciate how as the CDS Premiums widen (the credit risk increases) the stock indexes fall (market risk also increases). Movements in both markets are opposite.
6 Provided by Bloomberg. 7 The 5-Year CDS is more liquid and it is more often used as reference in financial markets.
[insert Figure As one would expect we find a large CDS index spread when the stock market valuation is low and the volatility is high and vice versa. Table 2 reports the Spearman pair wise rank correlation between the stock index and the sovereign CDS of daily time-series at a country-level. We look at levels as well as percentage changes.
[insert Table 2 here]
The correlation coefficients are found to be significantly different from zero at the 0.10-level in almost all the countries and for each period. As expected, the correlation between sovereign CDS and Stock Indexes are negative and higher when we size the risk and the stock prices in absolute terms. Furthermore when we size the correlation between CDS sovereign change and Stock Index returns we can clearly observe how these correlations have increased in time and become stronger. For almost every country in our sample correlations between stocks indexes returns and CDS spread changes reached maximum levels during year 2010.
In case of the variance, which we estimate with a GARCH (1,1) model, the correlation as expected is positive. As the values of CDS variances increase the values of the Stock Index variances also increase and vice versa. However we find that these correlations in risk are more significant in the case of the countries with higher risk premiums, where we can also observe an increase in the size of the correlation. Germany, France, and UK, although mainly show positive correlations between the risk of both markets, exhibit a more weak link.
Using the Augmented Dickey-Fuller test and the Phillips-Perron test we obtain that the all series in levels are non-stationary, but the first difference series are stationary. This result will allow us to use a VAR model in the next section for the first-difference series 8 .
A VAR Model: Relationship between Sovereign CDS and Stock Markets
In this section, we analyze the intertemporal co-movement of CDS sovereign spreads We estimate the following two dimensional VAR model:
∆ ∆ With R t : stock index return in t, ∆CDS t : sovereign CDS spread change in t, p: lag order index,
For the above model specification, the lag structure and the maximum lag order p has to be determined. For each country we found the optimal lag computing four information criteria, the final prediction error, Akaike's information criterion, the Hannan-Quinn information criterion and Schwarz's Bayesian information criterion.
Evidence of VAR analysis results for the eight countries with the corresponding optimal lag length is found in Table 3 . We split the whole time series sample into three different and non-overlapped subsets to generate a more detailed picture of the relationship 9 Other authors, like Forte and Peña (2009) apply a VECM to the original series in levels and perform a price discovery analysis. Norden and Weber (2009) also perform a VECM study. In this article we find more meaningful to study the evolution of daily changes and focus on the lead-lag relationships, so we do not study here the price discovery process.
between sovereign CDS and Stock Indexes. Also the estimation for the different time series will serve as robustness tests.
[insert Table 3 here]
The analysis of the entire sample period (2007) (2008) (2009) (2010) suggests that, for all the countries analyzed except for Italy in which CDS market leads stock market and for Ireland where there is no apparent relationship between both markets, results are consistent with a leading role of stock market. If we consider the different time series it is noteworthy that the leading role of the CDS market increases over time.
After fitting a VAR, we want to know whether one variable "Granger-causes" another.
A variable x is said to Granger-cause a variable y if, given the past values of y, past values of x are useful for predicting y. Note that Granger causality is not a causality in a deep sense of the word. It just talks about linear prediction, and we find Granger causality if one thing happens before the other. We may have an unmodeled factor causing the response of x and y, and we will observe Granger causality even though the real causality is different.
There is reciprocal Granger causality for a considerable number of countries, and we can talk about a feedback process. A leading role of the stock exchanges during the whole period can clearly be appreciated. When looking at the different sub periods we appreciate a change in the lead-lag relationship. During year 2009 the leading role of stocks becomes weaker, and finally in year 2010 the CDS market takes the lead in 6 out of the 8 countries. We don't find much feedback process during this year, corroborating the view that the CDS market has become, during the turmoil, the target where information and speculation is rapidly incorporated.
We also note a clear increase in the model R2 when using the 2010 data, indicating the better suitability of this model during last period.
Panel Data Model
To test further our results and provide further insight into the relationship of the sovereign CDS and Stock Indexes we estimate a panel data model with the following structure:
∆ ∆ with R t being the stock index return of country i at time t, ∆CDS t sovereign CDS spread change of country i at time t, p is the lag order index and ε it is the disturbance term of country i at time t.
Following Nickell (1980) 
Conclusions
In this paper we have studied the relationship between the Stock Index prices and sovereign CDS market, using daily data from January 2007 to July 2010.
10 Nickell (1980) shows that for samples with large time series observations and relatively small number 11 We don't include here data from the UK due to the different currency. We would be mixing credit risk and currency risk.
First analyzing the country-specific market co-movements, we find that stock Index returns and sovereign CDS spread changes show significantly negative correlation.
Second, Stock index return volatility is also found to be considerably correlated with sovereign CDS spreads movements revealing a close link between both markets.
Moreover we find that these correlations are more significant in the case of the countries We report Spearman´s rank correlation coefficients ρs, calculated for a pair of country-specific time series (2007 and 2008 year, 2009 year and 2010 , stock indexes R, CDS premium CDS, log stock indexes ∆R, spread changes ∆CDS, log stock indexes volatility var ∆R, and CDS premium volatility). Table 3 : Country-specific lead-lag analysis with VAR model
The country-specific VAR model consists of two-equations with the log stock index return (R t ) and the CDS sovereign spread change (∆CDS) as dependent variables respectively. In this table, we report the coefficients (Coeff.) and the p-value which reflects if explanatory variable is significantly for each country and for each period. We show the p-value for the Granger causality test (GC) only in the cases in which p is significant at a 10% level. Obs. Const. 
